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Abstract 
Morphing of aircraft is generally defined as the process of changing the structure to attain high performance. The 
objective of morphing activities is to develop high performance aircraft with rearward horizontal stabilizer designed 
to change location and performance substantially during various flight conditions. Morphing of aircraft can be 
generally classified as tail aircraft, canard aircraft, Concorde  aircraft (tailless aircraft), Beechcraft Bonanza (v-tail 
aircraft) etc. Most of the morphing aircraft concepts are clustered towards the wings and horizontal stabilizer.  Here 
the angle of attack change in rearward horizontal stabilizer  is high when compared to the conventional horizontal 
stabilizer. So the lift is increased and also induced drag in reduced. There is few researches were carried in 
horizontal stabilizer relocation. The multiple benefits of cruise performance and efficient pitch control gained 
through the rearward horizontal stabilizer. Specifically, morphing along results in reduction of drag, allowing for 
increased lift.In this project, the aerodynamic characteristics of the rearward horizontal stabilizer will be 
investigated. In order to predict the aerodynamic characteristics of rearward horizontal stabilizer, the numerical 
analysis of the rearward horizontal stabilizer will be carried out using commercial numerical codes. The increment 
of lift will be obtained when using the rearward horizontal stabilizer in aircraft 
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1. INTRODUCTION 
An  aircraft of the stabilizer may provide 
longitudinal (or pitch) stability, or directional (or 
yaw) stability. A longitudinal stabilizer is a surface 
that provides forces that tend to keep an aircraft 
flying level and with unchanging "pitch" angles  
 
relative to the airstream; The nose of the aircraft is 
prevented from pitching up or down. A directional 
stabilizer tends to keep the aircraft flying straight 
ahead with unchanging direction relative to the 
airstream (yaw stabilization). Static vertical 
stabilizers are small wing surfaces placed behind the 
center of mass of an aircraft, either as part of the 
tail empennage or outboard on aft-swept wings.          
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A static horizontal stabilizer may be placed either 
behind the center of mass, as a tailplane, or forward 
of plane (although not all foreplanes are used for this 
purpose).Stabilizers can be fixed structures on which 
movable control surfaces are mounted, they can be 
moved for trimming pitch or yaw, or they can be 
operated as a fully movable control surface.Some 
types of aircraft include electronically controlled 
surfaces that may located anywhere needed and may 
serve as active stabilizers or motion dampers.                    
In the V-tail and related configurations, each surface 
contributes to both vertical and horizontal stability. 
2.  REARWARD HORIZONTAL   
STABILIZER AIRCRAFT 
A horizontal stabilizer structure for improved 
stabilizer performance at positive and negative angles 
of attack is disclosed in which a leading edge 
slat/spoiler extending lengthwise along the stabilizer 
is disposed forward and below the leading edge of the 
stabilizer. The leading edge slat/spoiler directs 
airflow along the under surface of the stabilizer at 
negative attack angles and disrupts airflow over the 
upper surface at positive attack angles. The 
combination therewith comprising a fixed leading 
edge slot open through the upper surface of the 
horizontal stabilizer aft of the leading edge and 
extending downward and rearward through the 
horizontal stabilizer to open through the lower 
surface of the horizontal stabilizer for an early stall in 
descending flight as well as increasing the angle for a 
stall in climbing flight. The combination therewith 
comprising structure forming a duct extending from 
adjacent to the upper leading edge surface of the 
horizontal stabilizer downward and rearward to the 
lower surface of the horizontal stabilizer for directing 
an air flow from the region of said upper surface over 
said lower surface for an early stall in descending 
flight as well as increasing the angle for a stall in 
climbing flight. 
An aircraft structure has an arrangement of aircraft 
components that provide inherent directional stability 
for a flight vehicle throughout an angle-of-attack 
range, even at very high angles-of-attack where 
conventional means of stabilization are ineffective. 
The components attached to an aircraft fuselage 
include a wing, horizontal stabilizers and vertical 
stabilizers. The wing is mounted forward of the 
horizontal stabilizers and is carried high on the 
fuselage. The horizontal stabilizer is mounted toward 
the rear of the aircraft and is attached near the bottom 
of the fuselage. The wing and horizontal stabilizers 
are joined on either side of the aircraft by forwardly 
sweeping aerodynamically shaped surfaces serving as 
the vertical stabilizers. The inclination of the vertical 
stabilizers preferably ranges from 45 degrees (top 
edge canted outboard) to 90 degrees 
3. MODELING PROCESS 
We designed our aircraft using CATIA V5 and 
analyzed in ANSYS. To study and understand the 
flow analysis and aerodynamic coefficients  of the 
problem related to aircraft. Evolutions in modern 
computers lead to  improvement in computer 
hardware,particularly with regard to storage and 
execution speed. This resulted in the increased use of 
computational procedures in various applications, 
including design of the aircraft. Hence a new 
approach has been formed, which reduce the number 
of experiments and its quick and economical 
adaptability to different geometric configurations and 
the given input conditions. A detailed understanding 
of gas dynamics of flow over the aircraft is necessary 
to understand the various aerodynamic effects which 
comes into play during in flight conditions like the 
flow separation and shock wave formation. 
3.1 Description of the geometry – Conventional 
aircraft 
The geometry of conventional aircraft of all views     
(front view, top view, side view) as shown in figure 1 
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Figure: 1 Geometry  dimensions of  conventional 
aircraft 
3.2  Middle Ward Horizontal Stabilizer Aircraft 
The geometry of Middle ward horizontal stabilizer 
aircraft of all views (front view, top view, side view) 
as shown in figure 2. 
 
Figure: 2 Geometry  dimensions of middle ward 
horizontal stabilizer aircraft 
3.3 Rear Ward Horizontal Stabilizer Aircraft 
The geometry of rearward horizontal stabilizer 
aircraft of all views (front view, top view, side view) 
as shown in figure 3. 
 
Figure: 3 Geometry  dimensions of rearward 
horizontal stabilizer aircraft 
3.4  Catia Design –  Conventional Aircraft  
Stabilizer Position 
The stabilizer position model  of  conventional 
aircraft is shown in figure 4 by using CATIA. 
 
Figure: 4 Stabilizer position model of conventional 
aircraft 
3.5 Middle Ward Horizontal Stabilizer Position 
The stabilizer position model  of Middle ward 
horizontal stabilizer aircraft  is shown in figure 5 by 
using CATIA. 
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Figure: 5 Stabilizer position model of Middle ward 
horizontal stabilizer aircraft 
3.6 Rear Ward Horizontal Stabilizer Position 
The stabilizer position model  of rearward horizontal 
stabilizer aircraft  is shown in figure 6 by using 
CATIA. 
 
Figure: 6 Stabilizer position model of rearward 
horizontal stabilizer aircraft 
4. ANALYSIS PROCESS 
Conventional , middle ward stabilizer, rearward 
stabilizer aircraft  flows are practically done through 
flow analysis techniques. These processes can be 
done through flow analysis in ANSYS software. 
ANSYS is compared to be the best analysis of the 
aircraft, because the accuracy of the flow as shown 
the maximum percentage. All the difficult processes 
are done through  ANSYS. 
 
S.No Parameter Value(m/s) 
1 Velocity 35 
                                                                                     
Table: 1 Boundary Conditions 
4.1 Conventional Aircraft - 0 degrees 
The velocity distribution of conventional aircraft for 
0 degrees is shown in figure7. From the figure we can 
identify the velocity value is high in stabilized when 
compared to an inlet nose position of the aircraft. 
 
Figure: 7  Velocity distribution of Conventional 
aircraft  for 0 degrees 
The pressure distribution of  conventional aircraft for 
0 degrees is shown in figure8. From the figure we can 
identify the pressure value is high in  vertical 
stabilizer when compared to the horizontal stabilizer. 
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Figure: 8  Pressure  distribution of conventional 
aircraft  for 0 degrees 
4.2 Conventional Aircraft - 15 degrees 
The velocity distribution of conventional aircraft for 
15 degrees is shown in figure 9. From the figure we 
can identify the velocity value is high in stabilizer 
when compared to an inlet nose position of the 
aircraft. 
 
Figure: 9  Velocity distribution of conventional 
aircraft  for 15 degrees 
The pressure distribution of  conventional aircraft for 
15 degrees is shown in figure8. From the  figure we 
can identify the pressure value is high in  vertical 
stabilizer when compared to the horizontal stabilizer. 
 
Figure: 10  pressure  distribution of Conventional 
aircraft  for 15 degrees 
4.3  Middleward Horizontal Stabilizer Aircraft 
-  0 degrees 
The velocity distribution of middle ward horizontal 
stabilizer aircraft for 0 degrees is shown in figure11. 
From the figure we can identify  the velocity value is 
high in stabilizer when compared to conventional 
aircraft. 
 
Figure: 11  Velocity distribution of middle ward  
horizontal stabilizer aircraft  for 0 degrees 
The pressure distribution of  middle ward  horizontal 
stabilizer aircraft for 0 degrees is shown in figure 12. 
From the figure we can identify the pressure value is 
high in  vertical stabilizer when compared to 
conventional aircraft vertical stabilizer 
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Figure: 12  Pressure  distribution of middle ward  
horizontal stabilizer aircraft  for 0 degrees 
4.4  Middleward Horizontal Stabilizer Aircraft 
-  15 degrees 
The velocity distribution of middle ward  horizontal 
stabilizer aircraft for 15 degrees is shown in figure13. 
From the figure we can identify the velocity value is 
high in stabilizer when compared to conventional 
aircraft. 
 
Figure: 13  Velocity distribution of middle ward  
horizontal stabilizer aircraft  for 15 degrees 
The pressure distribution of  middle ward  horizontal 
stabilizer aircraft for 15 degrees  is shown in figure 
14. From the figure we can identify the pressure 
value is high in  vertical stabilizer when compared to 
conventional aircraft vertical stabilizer. 
 
Figure: 14  Pressure  distribution of middle ward  
horizontal stabilizer aircraft  for 15 degrees 
4.5 Rearward Horizontal Stabilizer Aircraft -   
0 degrees 
The velocity distribution of rearward horizontal 
stabilizer aircraft for 0 degrees is shown in figure 15. 
From the figure we can identify  the velocity value is 
high in stabilizer when compared to conventional 
rearward horizontal stabilizer aircraft.  
 
Figure: 15  Velocity distribution of rearward  
horizontal stabilizer aircraft  for 0 degrees 
The pressure distribution of  rearward  horizontal 
stabilizer aircraft for 0 degrees is shown in figure16. 
From the figure we can identify the pressure value is 
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high in  vertical stabilizer when compared to middle 
ward  horizontal stabilizer aircraft vertical stabilizer 
 
Figure: 16  Pressure  distribution of rearward  
horizontal stabilizer aircraft  for 0 degrees 
4.6 Rearward Horizontal Stabilizer Aircraft -   
15 degrees 
The velocity distribution of rearward  horizontal 
stabilizer aircraft for 15 degrees is shown in figure 
17. From the figure we can identify  the velocity 
value is high in stabilizer when compared to rearward  
horizontal stabilizer aircraft. 
 
Figure: 17  Velocity distribution of rearward  
horizontal stabilizer aircraft  for 15 degrees 
The pressure distribution of  rearward  horizontal 
stabilizer aircraft for 15 degrees is shown in figure18. 
From the figure we can identify  the pressure value is 
high in  vertical stabilizer when compared to middle 
ward  horizontal stabilizer aircraft vertical stabilizer.                    
 
Figure: 18  Pressure  distribution of rearward  
horizontal stabilizer aircraft  for 15 degrees 
5. RESULTS AND DISCUSSION 
We have calculated aerodynamic parameters for 
various angles of attack. Also the compared 
aerodynamic parameter with conventional aircraft 
and it is listed below. 
 
Table: 2 Lift and drag values of conventional aircraft 
 
 
 
 
 
S.NO ANGLE OF 
ATTACK(α) 
LIFT 
(KN) 
DRAG 
(KN) 
1 0 53.2126 
 
262.08 
 
2 3 266.493 
 
25.77 
 
3 5 464.582 
 
253.307 
 
4 7 641.246 
 
248.539 
 
5 10 854.889 
 
244.392 
 
6 15 1180 
 
249.482 
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S.NO ANGLE OF 
ATTACK(α) 
LIFT 
(KN) 
DRAG 
(KN) 
1 0 27.193 258.675 
 
2 3 348.253 252.75 
 
3 5 547.794 246.735 
 
4 7 727.576 240.176 
 
5 10 950.648 232.896 
 
6 15 1270 232.506 
 
                                                                                       
Table: 3 Lift and drag values of middle ward  
horizontal stabilizer aircraft 
S.NO ANGLE OF 
ATTACK(α) 
LIFT (KN) DRAG 
(KN) 
1 0 35.2 259.541 
 
2 3 304.813 255.875 
 
3 5 513.376 252.217 
 
4 7 692.334 247.785 
 
5 10 922.413 248.927 
 
6 15 1290 258.591 
                                                                                       
Table: 4 Lift and drag values of rearward     
horizontal stabilizer aircraft 
6.  GRAPH OF PARAMETERS 
We have plotted lift and drag graph for conventional 
aircraft, middle ward horizontal stabilizer aircraft and  
rearward horizontal stabilizer aircraft and also the 
graph shown below. The graph indicates rearward 
horizontal aircraft produce lift  in linearly, after lift 
suddenly increases. The conventional aircraft, middle 
ward horizontal stabilizer aircraft produced lift 
linearly, but the produced rate of lift is lower than 
rearward horizontal stabilizer aircraft which is 
represented in graph 3. 
 
Graph 1. Lift and Drag Graph of Conventional 
Aircraft 
 
Graph 2. Lift and Drag Graph of Middle ward 
Horizontal Stabilizer Aircraft 
                                                                                   
Graph 3. Lift and Drag Graph of rearward 
Horizontal Stabilizer Aircraft 
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